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ANALYTE MEASUREMENT 

5 I. Background of the Invention 

This invention relates to apparatus for and methods 
of measuring certain properties of a fluid particularly 
although not exclusively, bodily fluids and the 
10 concentrations of certain analytes therein. At least 

some aspects of the invention relate particularly to the 
measurement of glucose levels in blood and other body 
fluids such as cutaneous (interstitial) and sub- cutaneous 
fluid, 

15 Over recent years there have been two obvious trends 

in diagnostic device development: simplification of the 
test procedure and reduction in the volume of sample 
required to perform the test. Test simplification allows 
the assay to be performed by relatively untrained 

20 personnel in a "non- laboratory" setting. Thus, for 

example, cardiac marker tests configured in a lateral 
flow immunoassay format with labelled antibody allow for 
early assessment of potential myocardial infarct. 

The driving force for the development of tests 

25 requiring smaller sample volumes is the reduction of 
discomfort of the patient. This is particularly 
important in home tests where, for example, if a glucose 
test is less painful the user will test more frequently. 
It is now well documented that diabetics who monitor 

30 their blood sugar frequently achieve better glycaemic 
control and so avoid long-term complications of the 
disease. With this thought in mind, a number of 
companies have developed test devices requiring 
progressively smaller sample volumes, thereby minimising 

35 pain. 

Some proposals have been made to attempt to reduce 
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the amount of pain involved by with so-called minimally 
invasive devices (e.g. Integ US patent numbers 5,746,217; 
5,820,570; and 5 , 582 , 184 ) . Unfortunately, such devices 
appear to be unable to provide sufficient fluid sample to 
5 provide a reliable result and thus, as yet, none has been 
commercially realised. 

In the context of glucose measurement, so-called 
continuous monitors are also known and these have certain 
advantages over the 'snapshot* devices outlined above 
10 since they provide a clearer insight into trending, the 
effect of food or medication and overall glycaemic 
control. Such known devices however suffer from a number 
of drawbacks, mainly associated with the need to 
recalibrate the device regularly. This entails 
15 performing regular manual tests using a conventional test 
strip. This can negate many of the advantages of using a 
continuous device since the user is still relied upon to 
take action in order for the device to operate properly. 
Furthermore the accuracy of the devices tends to drift 
20 unpredictably between calibrations. The regular finger 
pricks are also painful. Examples of continuous 
monitoring sensors include International patent 
application PCT/DE99/03126 (International Publication WO 
00/22977 published 27 April 2000) and International 
25 patent application PCT/US99/16378 (International 

Publication WO 00/04832 published 3 February 2000) . 

II. Summary and Objects of the Invention 

It is an object of the invention to provide an 

30 improved arrangement and when viewed from a first aspect 
the invention provides a device for measuring the 
concentration of an analyte in a fluid, comprising a 
support member, analyte sensing means provided thereon 
for measuring said concentration and a microchannel in 

35 fluid communication with said analyte sensing means for 
conveying said fluid to said sensing means. 
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Thus it will be seen that in accordance with the 
invention a microchannel is used to convey the sample 
fluid to the sensing means. 

As used herein the term "microchannel" refers to a 
5 channel, of any suitable cross-section, whose lateral 
dimension is between approximately 10-500 jim. 

Such microchannels are beneficial for a number of 
reasons in the context of an analyte sensing device. In 
the context of the measurement of a bodily fluid a small 
10 sample volume is beneficial since it means that it is 
easier to provide a sufficient volume for a valid test. 
Most importantly the volume of fluid required to carry 
out an assay is correspondingly small, in addition the 
microchannel allows to handle flow rates between 10 and 
15 500 nL/min with a high resolution of the measurement over 
time, due to the low channel volume. The analyte 
sensing means can be arranged in any suitable 
configuration depending on the type of sensing means used 
(electrochemical, optochemical etc.). Preferably the 
20 analyte sensing means comprises one or more reagents to 
react with said analyte and thereby give a measurable 
output. Such a reagent may be located anywhere, but 
preferably the reagent or at least one of the reagents is 
provided on a wall of the microchannel. This arrangement 
25 is beneficial since it means that no additional volume is 
required in order for the sample liquid to be brought 
fully into contact with the reagent - i.e. the contact 
area is optimised. When viewed from a second aspect the 
invention provides a device for measuring the 
3 0 concentration of an analyte in a fluid, comprising a 
support member and a microchannel provided on said 
support member for conveying said fluid across the 
support member, wherein one or more reagents for reacting 
with said analyte is coated on a wall of the 
35 microchannel. 

Preferably such a device further comprises means for 
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sensing the analyte - for example an electrochemical or 
a photometric detector. 

The devices set out hereinabove may be used for 
measuring any suitable analyte in any suitable fluid. 
5 However the invention, in its various aspects, finds 

particularly beneficial application in the measurement of 
analytes in human or animal bodily fluids. Of course, a 
suitable sample of bodily fluid may be applied to the 
device. Preferably however the device is integrated with 
10 means for extracting the fluid. Most preferably this 
comprises means for penetrating the skin - in the case 
where the sample fluid is blood or interstitial fluid. 
Most preferably it comprises a skin penetration member 
such as hollow needle, solid lance or the like. 
!5 In accordance with the embodiments set out above the 

device can be used both to collect the sample fluid and 
to measure the concentration of the target analyte - or 
at least give an output from which the concentration can 
be measured. When viewed from a further aspect the 
20 present invention provides a device for measuring the 
concentration of an analyte in a fluid, comprising a 
support member, means provided on the support member for 
sensing said analyte, wherein said support member 
further comprises fluid extraction means arranged to 
25 direct fluid to said analyte sensing means via a conduit 
on the support member. 

Thus it will be seen that in accordance with this 
aspect of the invention a fluid extraction means, 
preferably a skin penetration means, most preferably a 
30 needle, lance or the like, is provided on a support 

member of a device for measuring analyte concentration. 

This allows, in at least preferred embodiments, the 
combination of skin penetration means, e.g. needle, and 
support member, e.g. test strip, to be made disposable 
35 and thus as hygienic as possible. The preferred 

embodiments require a user merely to puncture their skin 
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with a needle or the like and then blood or interstitial 
fluid may be conducted automatically onto or into the 
test member. Devices for extracting interstitial fluid 
are shown in the afore -mentioned Integ patents and 
5 International patent application PCT/US01/09673 
(International Publication WO 01/72220 published 4 
October 2001) . 

In such embodiments the combined needle/test member 
would normally be used in conjunction with a separate, 
10 non-disposable, measuring device for measuring the 

analyte concentration e.g. by means of the output of an 
analyte- reagent reaction, where appropriate. 

The dimensions of the needle, lance or the like may 
be suited to the particular application. In fact, any 
15 mechanism for extracting interstitial fluid may be used 
with the present invention. While the present invention 
will be described with reference to a shallow penetration 
needle, the invention is application to any technique for 
obtaining a body fluid. 
20 For example a standard hypodermic needle several 

centimetres in length may be employed. Whilst the device 
may be used to sample interstitial fluid or blood from 
the cutaneous and/or the subcutaneous layers, in 
preferred embodiments however, the penetration member is 
25 of such a length that it penetrates substantially the 

cutaneous layer of skin. When the term "substantially the 
cutaneous layer" is referred to, it means that whilst it 
is the intention to sample fluid from the cutaneous 
layer, it cannot be ruled out that some sampling from 
30 the sub- cutaneous may occur. The cutaneous layer has a 
high density of blood capillaries which helps to ensure 
that the levels of analytes in interstitial fluid 
reliably reflect those in the blood. 

While not limited to analysing interstitial fluid 
35 (ISF) , the present invention is preferably used in 

obtaining and analysing ISF. A further benefit offered 
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by interstitial fluid is that it is not as complex as 
whole blood and therefore does not, for example, suffer 
from Haematocrit fluctuations. ISF also has a low 
viscosity and is more suited to passage through 
5 microchannels than whole blood. The low sample volume 
requirement of a microchannel also enables the device 
reliably to use interstitial fluid. 

Perhaps more improtantly such shallow skin 
penetration (cutaneous or subcutaneous) substantially 
10 reduces the pain experienced since there is a much lower 
density of nerve endings than at the depths penetrated by 
standard needles when extracting blood. Indeed, in at 
least preferred embodiments, little or no pain is 
normally felt. This makes prolonged and/or repeated 
15 penetration of the skin much more acceptable. 

The actual length of the penetration means will 
depend on the angle at which it is intended to be 
inserted. Thus if shallow angle penetration is intended, 
the length may by of the order of several millimetres 
2 0 e.g. up to approximately 7 to 10 millimetres. Preferably 
however substantially perpendicular insertion is intended 
and the length is less than 2 mm, preferably less than 
1.5 mm. In some preferred embodiments a length of 
approximately 1.4 mm is appropriate. However for certain 
25 applications a length as short as 0.5mm may be preferred. 

Of course a given test member may have just one skin 
penetration member, or alternatively a plurality may be 
provided . 

The penetration means may comprise a sufficiently 
30 short standard needle, possibly shortened if necessary. 
More preferably the penetration means comprises a 
microneedle. A microneedle is hereby defined as a needle 
with a length sufficient to penetrate the cutaneous layer 
of human skin without substantially penetrating the sub- 
35 cutaneous layer. Such a needle typically has length 
less than 2mm, preferably between 0.4 and 1.6mm. 



WO 02/49507 



PCT/GB01/05634 



- 7 



10 



The outer diameter is preferably less than 0.5mm, 
most preferably between 0.1 and 0.3 mm. 

The penetration means need not be integrated with 
the support member, but preferably is. The comments 
above regarding this arrangement apply, with the 
additional benefit noted here that preferred embodiments 
of this arrangement can provide a compact disposable 
device which gives rise to substantially no pain, in use 
and obviates the need for a user to come into contact 
with or even see the bodily fluid concerned. 

In a particularly preferred embodiment the analyte 
is glucose. 

Preferred embodiments of the invention use a 
reagent -based measurement. Many different reagent -based 

15 analyte measurements are available to those skilled in 

the art, allowing the principles of the invention to find 
wide application. For example an optochemical- i.e. 
either fluorescent or luminescent - or an electrochemical 
technique could be used. 

20 One preferred embodiment comprises analyte sensing 

means comprising a mediated amperometric enzyme 
electrode. For example, a ferrocene-mediated electron 
transfer from a glucose-oxidase catalysed reaction is a 
suitable means for detecting the level of glucose in a 

25 body fluid. Other enzymes, such as lactate oxidase or 
lactate dehydrogenase and cholesterol oxidase 
dehydrogenase may be used to measure lactate and 
cholesterol levels respectively, it will be appreciated 
that use of the above electron- transfer mediator is a 

30 non-limiting example and that other electron transfer 
mediators well known in the art could be used, for 
example, hexa-cyanof errate (ferricyanide) , oxygen or 
components of the respiratory chain (i.e. cytochromes) 
Preferably the embodiment will comprise an analyte 

35 sensing means which operates in conjunction with a test 
meter to give the measurement. Alternatively the member 
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may comprise the appropriate reagent or dye for 
performing a colorimetric test in association with light 
sensitive means in the test meter. It will be seen that 
such arrangements are consistent with the test device 
5 being disposable since the costly elements of the sensing 
mechanism, such as the light sensitive means, electronic 
circuity etc., can be placed in a non-disposable test 
meter. 

Just single analyte sensing means may be provided, 
10 but preferably more than one is provided. 

Thus it will be seen that in accordance with this 
aspect of the invention, a plurality of conduits direct 
fluid to be measured to respective analyte sensing means. 
This means that a plurality of measurements of fluid may 
15 be made by a single such device. The sensing means may 
be different so as to measure or test for different 
analytes in the fluid. Preferably however they are the 
same or at least are for measuring the same analyte. When 
viewed from a further aspect the invention provides a 
device for measuring the concentration of an analyte in a 
fluid, comprising a support member and a plurality of 
analyte sensing means provided thereon for measuring said 
concentration, wherein said device further comprises a 
plurality of conduits such that each of said sensing 
means has a conduit associated therewith, said conduits 
serving in use to direct said fluid to respective sensing 
means. The device, whether it comprises a single or a 
plurality of conduit /analyte sensors, may be used to 
continuously measure the concentration of the analyte 
over a period of time. Periodic measurements may be taken 
i.e. the fluid is "sampled" at various periods over 
time, for example every 30 minutes. Fluid may 
continuously flow through the device or may be 
temporarily stopped by, for example, hydrophobic gates. 
As yet another alternative, the sensors may be of the 
single measurement type, after which the device is 
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discarded or fluid is diverted to another conduit to 
perform another measurement. The total time taken to 
complete a measurement cycle or the time taken between 
measurements could vary and would depend upon the degree 
5 of monitoring or the analyte of interest. The plurality 
of conduits would allow for switching from sensor to 
another after a particular period of time, by diverting 
fluid flow from one conduit to another. Switching enables 
measurements to be performed without interruption to the 
10 fluid extraction or without having to recalibrate the 

sensors, which are known to drift after a period of time 
due to factors such as electrode fouling etc. 

Thus analyte monitoring may be made on a truly 
continuous basis, without the user having to recalibrate 
or interact with the system. An advantage of performing a 
single measurement, either in the case of a device with a 
single or plurality of microchannels is that drifting of 
the signal over time is no longer an issue that has to be 
considered and consequently simpler reagent chemistries 
may be employed in the analyte sensors. For example in 
the case of an electrochemical detection system, results 
may be obtained in as little as five seconds or less. 
Furthermore, such devices would not require storage 
reservoirs for collection of the waste fluid, since the 
25 waste fluid would be stored in the microchannel conduits 
themselves . 

In principle, there would be no upper limit to the 
number of sensor/conduits contained within a device, the 
upper limit being determined by factors such as the 

30 desired total length of time for analyte measurement or 
by the size of the device. 

whilst the above embodiments describe a flow- 
through sensor, i.e. the analyte is measured whilst 
flowing past the detection means, measurements may also 

35 be conducted whilst the fluid is stationary. This could 
be achieved by the use of flow controlling means such as 
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a hydrophobic gate or gates being activated to 
temporarily stop the flow of fluid through the 
microchannel once it had passed the sensing means. 
Isolating or shutting off a volume of fluid from the rest 
5 of the fluid sample would enable an end-point 

determination of the total amount of analyte present in 
the particular portion of the sample to be made. 

As described above , the sensing means may be 
electrochemical or non-electrochemical in nature - e.g. 
10 of the fluorescent or chemi- luminescent colorimetric 
sort. For example the sensing means may comprises an 
enzyme-coated electrode in the case of electrochemical 
measurement, or in the case of fluorescent colorimetric 
sensing the sensing means would comprise a suitable 
15 reagent dye. It will, of course, be understood that the 
term 'sensing means 1 does not necessarily refer to a 
complete assembly for giving a final reading, but rather 
to a means on the support member which yields an output 
which may be read to give a measure of the analyte 
20 concentration, e.g. by a separate test meter. 

Such devices according to embodiments 
of the invention as set out above could be arranged 
to be used in a mode similar to conventional test strips 
i.e. where a single fluid sample is placed on the device 
25 and is measured. 

In common with earlier aspects of the invention, 
devices of the sort set out above may be arranged to 
measure the concentration of any suitable analyte. In 
all such cases, the analyte 1 s concentration may simply be 
30 an indirect indication of the property of the sample 
fluid which it is desired to monitor. For example a 
detection reagent (e.g. an enzyme substrate or an 
antigen) may be added to the sample so as to bind 
selectively and/or react with certain proteins in the 
35 fluid such as enzymes or antibodies. In this case the 
added detection reagent or the product of the enzyme- 
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catalysed reaction, comprises the analyte. Devices in 
accordance with the invention can therefore be arranged 
to measure such analytes - i.e. it will be seen that such 
devices may be used to measure the activity of enzymes in 
5 a body fluid sample, or test whether antibodies to a 
particular antigen are present in the body fluid. 

Preferably however, the device is arranged to 
measure an analyte concentration directly - i.e. it is 
the concentration itself which is being monitored. An 

10 example of such a measurement would be glucose in blood, 
the concentration of which is an important parameter for 
those suffering from diabetes. 

In a particularly preferred embodiment the measuring 
device is suitable for measuring the concentration of an 

15 analyte, e.g. glucose, in blood or interstitial fluid. 
In such an embodiment the device is preferably suitable 
for attachment to the skin of the subject who is to be 
measured. The subject may be an animal but is preferably 
human . 

20 By providing a device which can be attached to a 

subject, measurements of the concentration of the 
substance in the subject's blood or interstitial fluid 
can be carried out repeatedly over a period of time. 

This means that inconvenience and discomfort to the 

25 user is significantly reduced and moreover that tests can 
be carried out at regular intervals and at a greater 
frequency than would otherwise be tolerable. The result 
of this in the preferred application of the invention to 
blood glucose monitoring is that an improved insight into 

3 0 glycaemic control and the effects of food, medication and 
general trends on the glucose level is given. Moreover, 
by attaching the device to the patient and therefore 
making the device portable, it allows the patient to lead 
as normal life as possible. It also allows for the 

35 possibility of continuous measurements during periods 
when it may not be convenient to self -monitor by 
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conventional manual methods of testing, for example 
during prolonged periods of exercise or whilst sleeping. 
The device could therefore include an alarm or means to 
activate an alarm in order to alert or wake the patient 
5 or any third party in case of a particular analyte level, 
for example in the case of hypoglycaemia . 

Accordingly it is preferred that the devices 
comprise a penetration member with a sufficiently length 
substantially to penetrate the cutaneous layer of skin, 
10 most preferably integrally formed with the support 
member. It is further preferred that such devices 
comprises at least one microchannel for conveying the 
interstitial fluid to one or more of the sensing means. 
When viewed from a further aspect the present 
15 invention provides a device for measuring the 

concentration of a given analyte in a bodily fluid 
comprising means for attaching the device to the skin of 
a subject and a plurality of sensing means for making a 
plurality of measurements of said concentration over a 
20 period of time. 

It will be seen that effectively this aspect of the 
invention provides a device which can perform a plurality 
of measurements in situ, that is without user 
intervention being required. This has clear benefits in 
25 removing some constraints on the number, frequency and 
regularity with which measurements can be performed. 
Each sensing element in the device is designed to be used 
for a certain predetermined time during which the signal 
will not significantly drift over time. In this sense 
3 0 " significantly " represents the amount of drift 

permitted such the measurement result would not be 
affected by an clinically unacceptable amount. After such 
a period fluid is then switched to a new sensor and the 
process repeated. Preferably the device is provided with 
35 flow control means for influencing the flow of fluid to 
the sensing means. Any suitable flow control method may 
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be employed with corresponding means to affect such a 
control method. For example Piezo-electric pumping, 
electrokinetic or mechanical methods such as 
•unblocking 1 the flow along a selected conduit. - e.g. by 
5 allowing a gas bubble to escape or by opening a valve. 
In certain embodiments the flow control means 
comprises a hydrophobic gate situated within the 
conduit/microchannel. A hydrophobic gate as herein 
disclosed refers to a hydrophobic surface region within a 

10 hydrophilic channel such that the flow of fluid is 

interrupted. By changing the hydrophobic nature of the 
gate, i.e. by making the hydrophobic region more 
hydrophilic, fluid may then be allowed to flow along the 
channel . Hydrophobic gates may be used to control the 

15 flow of fluid within a single microchannel or may be used 
to switch or redirect flow from one microchannel to 
another . 

Alternatively, the hydrophobic nature of the gate 
may be maintained as it is and a increased pumping force 

20 (e.g. provided by a mechanical or electro-osmotic pump) 
may be applied in order for the fluid to breach the 
hydrophobic gate. 

Preferably the device is arranged to direct fluid 
sequentially to each of the sensing means. The timing of 

25 the direction of the fluid to the sensing means could be 
pre -configured for example by software within the meter, 
such that the fluid is switched after a predetermined 
period of time. Preferably however the device comprises, 
or is adapted to interface with, control means to control 

30 said direction of the fluid to the sensing means. Such 
control is preferably automatic. 

Additionally or alternatively however the control 
means may be such as to allow a user to specify when a 
measurement is to be made. This is beneficial as it 

3 5 allows measurement on demand which is useful for example 
in the case of blood glucose monitoring, as it allows the 
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user to determine the effect on blood glucose of eating a 
particular snack or to determine how much insulin it is 
necessary to inject prior to eating or the user may 
simply want to carry out a check for reassurance. This 
5 enables the device to make periodic measurements of fluid 
from the body of the subject using fresh fluid for each 
measurement, thereby facilitating the desired object of 
monitoring the concentration of the substance in question 
over a period of time. 
10 Where, as is preferred, each microchannel or other 

conduit is associated with a respective flow control 
means, each may be individually addressable by a suitable 
control means. This gives significant flexibility in 
how such a device may be used. 
15 Preferably the device comprises a common fluid 

collection region in fluid communication with the bodily 
fluid to be measured - e.g. via a needle - each sensing 
means preferably being in selective fluid communication 
with said common collection region. Thus when viewed 
20 from a further aspect the present invention provides a 
device for making a plurality of measurements of the 
concentration of an analyte in a fluid comprising a 
common sample collection site in fluid communication with 
the fluid to be measured and a plurality of sensing means 
25 for measuring said concentration. 

Where not otherwise specified, any suitable conduit 
may be provided for conveying the fluid to be measured to 
the sensing means, but preferred arrangements comprise 
microchannels as defined herein. Furthermore in the 
30 context of a plurality of analyte sensing means, the 

provision of microchannels allows many test elements to 
be positioned in close proximity thereby enabling even 
devices comprising a large number of sensing means to be 
made relatively small. This is beneficial in 
35 applications where the size and weight of the device is 
an important consideration, such as when it is attached 
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to the user's body. . 

As well as the understood benefits per se of a low 
sample volume arising from the use of microchannel s, the 
Applicants have realised that such a small sample volume 
5 makes it practicable to change the mode of testing. More 
particularly it has been realised that a very low sample 
volume means that rather than conduct the usual reaction 
rate measurement as in known electrochemical devices e.g. 
for detecting blood analytes such as glucose, where 
10 electron transfer is measured as a function of time to 
determine the rate of transfer, an end-point test can be 
carried out in which the total amount of analyte in the 
sample volume is measured, thereby consuming 
substantially all of the analyte. 
15 It has been appreciated that this is advantageous 

over rate measurements since the latter tend to be prone 
to interference, temperature and Haematocrit fluctuations 
(in the case of using blood) . Whereas such a measurement 
method would take a prohibitively long time with known 
20 measuring devices, by using microchannels in accordance 
with the invention to give a required sample volume of 
the order of a few nano- litres, such a measurement can 
typically be completed in the order of a few seconds, 
thereby making it a practical proposition. 
25 When viewed from a yet further aspect the present 

invention provides a method of measuring the amount of an 
analyte in a sample of liquid comprising providing an 
electrochemical measuring device having a sensor 
electrode within a microchannel, introducing said sample 
3 0 liquid into said microchannel, and measuring an aggregate 
current passed by said electrode to give an indication of 
said amount of analyte in the sample . 

This aspect of the invention also extends to an 
electrochemical device for measuring the amount of an 
3 5 analyte in a sample of liquid comprising a sensor 

electrode disposed within a microchannel and means for 
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measuring an aggregate current passed by said electrode 
in use to give an indication of said amount of analyte ir 
the sample . 

The invention also extends to an equivalent 
5 arrangement using a non-electrochemical sensing means - 
e.g. a colorimetric one. 

Any suitable transfer means for transferring the 
fluid from the user's body to the device may be employed. 
Preferably methods such as suction, ultra- sound or 
10 iontophoresis may be used. More preferably however the 
transfer means comprises a needle. In particularly 
preferred embodiments the needle is a microneedle as 
defined hereinabove. 

The needle is preferably shaped to aid skin 
15 penetration. For example the tip region of the needle is 
preferably substantially conical. Furthermore it is 
preferred that the tip region has a reduced cross-section 
- preferably less than 0.2mm in width, most preferably 
less than 0.05mm in width. 
20 Moreover the needle is preferably arranged to 

minimise the risk of blockage upon insertion into skin. 
For example the aperture of the needle may be provided on 
a side surface of the needle, rather than at the tip as 
is conventional. Preferably the aperture of the needle 
25 is recessed, thereby avoiding contact with the skin upon 
penetration and thus potential blocking and/or damage 

The needle preferably has a bore such that the 
sample fluid is drawn up by capillary action. Suitable 
needle bore sizes range preferably from 21-30 most 
30 preferably 25. Any suitable inert and biocompatible 
material for the needle may be employed. 

Examples of such inert materials include but are not 
limited to stainless steel, gold, platinum and metal- 
coated plastics 

35 Most preferably one or more microneedles is employed 

as defined hereinabove. 
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The methods above may be supplemented by applying 
pressure to the user's skin around the site at which it 
is penetrated. Such pressure could be applied purely 
manually, but preferably the device comprises means - 
5 e.g. suitably configured resilient means - to apply the 
pressure. The device may have skin pressurising means as 
explained in more detail below and as shown in the 
figures. Examples of skin pressurising means are set out 
in copending application US09/877,514 filed June 8, 2001. 
10 Preferably therefore the devices of the 

preferred embodiments comprise display means to display 
the concentration of the analyte being measured such as 
blood glucose. Such display means may be coupled 
directly to the measuring device, but preferably it is 
15 separate from the device and receives data therefrom by 
telemetry. This approach has the advantage that the 
measuring device can be very light and thus comfortable 
to wear. For example the measuring device may be worn 
under clothing but monitored on a display means kept, 
20 say, in a pocket or for example in the form of a watch 
worn on the arm of the user, without the user having to 
disturb their clothing in order to view it. 

Additionally or alternatively the device comprises 
or is coupled to means for administering a substance to a 
25 user on the device on the basis of the measured 

concentration. Thus in the previous example of a blood 
glucose monitoring device, rather than just being a 
passive monitoring device, undoubtedly useful per se, 
such a device can be used in conjunction with an insulin 
30 pump to maintain the user's glucose level within a 
desired range. 

The insulin pump could be a separate device or 
alternatively could be integrated within the analyte 
sensing device per se . Controlling means present for 
35 example within the meter could control the amount of 

insulin administered by the insulin pump in response to 
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the level of glucose measured by the device. 

By effectively providing a feedback loop, preferred 
embodiments of this inventive feature can allow a 
diabetic, to maintain control of his/her glucose levels 
5 with a minimum of intervention i.e. only to replace 
consumable items such as a sensor/insulin patch. 

Furthermore, particularly where a continuous sensing 
means is employed, tighter control of, say glucose level, 
is achievable than where intermittent manual tests and 
10 insulin administration are used. 

Thus when viewed from a yet further aspect the 
present invention provides an apparatus for administering 
a substance to a user comprising a measuring device for 
measuring the concentration of an analyte in a bodily 
15 fluid from said user, said measuring device comprising a 
plurality of analyte sensing means and at least one 
conduit, preferably a microchannel, for conveying said 
bodily fluid to at least one of the sensing means; the 
apparatus further comprising means to administer said 
20 substance to said user on the basis of said measurement 
of concentration. 

In accordance with all appropriate aspects of the 
invention, the measuring device preferably comprises a 
means for attachment to the skin of a user, for example 
25 in the form of a self-adhesive patch. This can provide a 
secure but comfortable arrangement for use over prolonged 
periods of time, and can be relatively unobtrusive. 

The means for administering the substance may be 
entirely separate from the measuring device or integrated 
therewith. Preferably such an integrated administering 
means comprises a reservoir on or in the measuring device 
for dispensing the substance. In a particular embodiment 
the substance, such as insulin, is contained within a 
reservoir on an adhesive patch. The actual means for 
35 getting the substance from such a reservoir could 

comprises anything suitable such as a pressurised supply 
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in conjunction with a flow control means such as a valve. 

Preferably however a pump is used. In a preferred 
embodiment a single pump may be used both to administer 
the substance, such as insulin, to a user's body and also 
5 to draw out blood or preferably interstitial fluid, to a 
sensing means for making an analyte concentration 
measurement e.g. of glucose. 

Thus, for example, a suitable device may comprise an 
adhesive patch comprising a microneedle (as defined 
10 herein) coupled to or in fluid communication with an 
array of microchannels and a separate needle for 
injecting insulin. In a preferred embodiment a single 
pump, e.g. a silicon micro-pump, may be used to inject 
insulin from a reservoir on the patch and to draw 
15 interstitial fluid over a glucose sensing means to a 
waste reservoir. 

Where an embodiment of the invention calls for 
control and/or data processing means, these will 
generally comprise electronic means such as an integrated 
20 circuit or the like. A power supply is then also 

required. Preferably such control/processing means are 
portable. It or they may be provided in an integral 
package with the device e.g. the adhesive patch. 
Alternatively the control/processing means and/or power 
25 source may be provided separately and communicate with 

measuring device via a wire or wireless telemetry link as 
mentioned above. 

The power source may be a battery or may be a 
'renewable' source such as a solar cell or a dynamo 
energised by movement of the user. Of course a 
combination of these could be employed. 

Measuring devices in accordance with the present 
invention may be fabricated using any suitable technique. 

In particular, where provided, the microchannels may be 
made using any suitable micro- fabrication technique such 
as but not limited to embossing, plasma etching or 
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injection moulding 

In one preferred embodiment, electrodes are provided 
on opposing sides of a fluid channel by forming a first 
channel which is filled with a conductive material, and 
5 forming a second channel for conveying the test fluid, 
the second channel cutting across the first thereby 
thereby forming two conductive portions within respective 
opposite sides of the second channel. 

The conductive portions formed in accordance with 

10 the invention could be utilised for an electrochemical 

sensor arrangement. Micromachining techniques for making 
the abovementioned intersecting channels are preferred 
since they can be used to fabricate microchannels which 
can be formed close to one another, permitting dense 

15 arrays thereof. Furthermore, where the device has flow 
control means operating via electro-osmotic force, the 
driving electrodes are preferably 

positioned in close proximity to one another. This 
allows high electric fields to be achieved without 

20 applying unnecessarily high voltages. Preferably such 

driving electrodes are provided substantially on one side 
of a channel. In one embodiment the driving electrodes 
extend around the wall of the channel. 

In a preferred variant of the method above, one or 

25 more electrodes may be formed on a second substrate which 
is then laminated to the main support member of the 
device. Methods used to deposit the electrodes onto the 
second substrate may be chosen preferably from a printing 
method, more preferably a screen-printing method. 

3 0 Alternatively, chemical or physical vapour deposition 
techniques could be employed. Generally speaking, the 
electrodes according to all embodiments of the invention 
may be formed of any suitable inert material such as 
carbon, gold, platinum, etc. According to one 

35 embodiment, carbon electrodes, optionally coated with 

reagents are provided on the second substrate by screen- 
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printing, which is then laminated onto the support member 
thus closing the channel or channels and two gold 
electrodes are provided adjacent one another on a 
substrate laminated onto the support member for an 
5 electro-osmotic pump. 

If a second substrate is provided, preferably it is 
arranged to close the channel provided on the support 
member. This allows a very straightforward fabrication 
method in which electrodes are formed within a closed 
10 channel . 

Lamination of one substrate to another will normally 
be carried out such that both laminates are perfectly 
aligned and that no further trimming or cutting is 
necessary. However, the device could be fabricated for 
15 example by firstly a lamination step followed by a 

cutting step whereby the second substrate may be trimmed 
to the shape of the support member. Lamination may be 
carried out by various methods such as ultrasonic or 
thermal welding or bonding, or by the use of an adhesive. 
20 According to one embodiment, the support member is 

formed with an integral needle at one end and the second 
substrate is then laminated onto the support forming a 
channel and leaving the penetration member exposed. 
According to another embodiment the integrated skin 
25 penetration member is provided is open on one side. The 
penetration member is arranged so that upon insertion 
into skin, the skin itself effectively forms a wall of 
the member to that it can act like a hollow needle. Most 
preferably this is achieved by forming the penetration 
30 member with walls tapering away from the open side - e.g. 
a V shape. Thus when viewed from a further aspect the 
invention provides an apparatus for obtaining and 
measuring fluid , comprising a skin penetration member 
having at least one longitudinal side open, the other 
35 sides being arranged so as effectively to cause the 

penetrated skin to act as the remaining longitudinal side 
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of the member when the penetration member is inserted 
into the skin. 

Thus when viewed from a yet further aspect the 
present invention provides a method of fabricating a 
5 device for measuring the concentration of an analyte in a 
fluid comprising providing a support member, forming an 
open channel on a surface of the support member and 
laminating a second layer onto said support member so as 
to close said channel. The invention also extends to a 
10 device fabricated using such a method. 

Where an optical measurement technique is employed, 
as an alternative to an electrochemical measurement 
technique a light sensing means will, in general, be 
15 required. In some cases a light source may also be 

required, but is not always the case, for example in the 
case of chemi luminescent measurement. Any such light 
sensing means and/or the light 

source may be provided integrally with the non- 
20 disposable measuring device e.g. a test -meter. According 
to one embodiment it or they are provided separately of 
the part of the device which is brought into contact with 
the sample fluid - e.g. a skin patch. This means that the 
device itself can be made disposable while the relatively 
25 more expensive light sensing means and associated 

electronics for example could be provided in a separate 
test meter. 

In preferred embodiments the test device comprises 
means for optimising the light transfer from the sensing 
means to the optically sensitive means. In a simple 
embodiment such means comprises a lens, e.g. integrally 
moulded as part of the support member for the test 
device. Additionally or alternatively the device may be 
arranged such that the light sensitive means views the 
sensing means along the conduit, e.g. microchannel , along 
which the sample fluid passes. In other words the 
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conduit, preferably a microchannel , acts as a light pi pe 
By measuring light transmission or reflectance along the 
microchannel rather than across it, the path length and 
therefore the optical density may be increased for a 
minimal sample volume. , thereby making its measurement 
easier and more accurate. The material from which the 
conduit is formed is preferably chosen so to maximise 
light throughput at the frequencies of interest. 

It will be appreciated by those skilled in the art 
that the arrangement described above is beneficial in its 
own right in enhancing the signal that may be measured 
from a minimal sample volume and thus when viewed from a 
yet further aspect the present invention provides an 
apparatus for measuring the light from an assay 
comprising an elongate conduit portion along which a 
sample fluid is drawn in use and a light sensitive means 
arranged to be sensitive to light coming substantially 
from the longitudinal axis of said conduit portion. 

In one particularly preferred embodiment a 
disposable skin patch is provided with a moulded plastics 
lens over the analyte sensing means. A corresponding 
test meter is designed to be placed over the patch and 
comprises a light sensitive element which sits over the 
lens when the meter is placed over the patch 

25 

III. Brief Description of the Drawings 

Certain preferred embodiments of the invention will now 
be described, by way of example only, with reference to 
30 the accompanying drawings in which: 

Figure 1 shows a first embodiment of the invention, in 
the form of a skin patch, in cross section; 

35 Figure 2a shows an alternative microchannel arrangement; 
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Figure 2b shows a multiple channel/sensor arrangement; 

Figure 3 depicts a cross section view of the skin patch 
of Figures 1, and 2 attached to the skin of the user with 
5 a controller unit attached to the skin patch; 

Figure 4 depicts a display unit; 

Figure 5 depicts another embodiment of the invention 
10 showing schematically a skin patch integrated with a' 
needle, which also acts as an electrode, in cross 
section ,- 

Figure 6a depicts a microchannel and optochemical sensor 
15 in plan view; 

Figure 6b depicts a microchannel and electrochemical 
sensor in plan view; 

20 Figures 6c to e are cross sections of the microchannel of 
Figure 6b with fluid progressively entering the channel; 

Figure 8a shows a further embodiment of the invention, in 
the form of a single -use device with an integrated 
25 puncturing means,- 

Figure 8b is a cross section through a user's skin having 
the device of Figure 8a therein ; 

30 Figures 8c and 8d depict the construction of a device 
similar to that in Figure 8a; 

Figure 8e is an alternative embodiment, shown in 
perspective view, of a puncturing means; 



35 



Figure 8f is a still further embodiment of 
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alternative puncturing means shown in perspective view; 

Figure 8g is a side-sectional view of the embodiment of 
Figure 8f taken along line X - x in Fig. 8f ; 

Figure 8h is a cross-sectional view of the lance of Fig 
8e in tissue; 

fa™ e oSi ? h ° WS an inte 5 ra Hy formed base member and 

iSh c \^r^„zvrveV^ 1 ^ it s r in9 channe1 ' but 

Figure 12a is a perspective view of a microchannel , 

Figure 12b is a close-up, partial, perspective view of a 
microchannel; whereby electrodes are provided on opposing 
sides of a fluid channel by forming a first channel which 
is filled with a conductive material, and forming a 
second channel for conveying the test fluid, the second 
channel cutting across the first thereby thereby forming 
two conductive portions within respective opposite sides 
of the second channel. 

Figure 17a is top view, taken in perspective, of a first 
preferred embodiment of a chip for extracting and 
distributing a fluid sample and having a meander shaped 
waste reservoir; 

Figure 17b is the view of the embodiment of Figure 17a 
modified to illustrate a column shaped waste reservoir; 

Figure 18 is a bottom view, taken in perspective, of the 
chip of Figure 17a; 
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Figure 19 is a plan view of a measurement channel of the 
chip of Figure 17a; 



10 



Figure 20a is a plan view of the meander shaped waste 
reservoir of the embodiment of Figure 17a; 

Figure 20b is a plan view of the column shaped waste 
reservoir of the embodiment of Figure 17b; and 

Figure 21 is a plan view of the switching mechanism shown 
in 

Figure 20a. 



15 IV. Detailed Description of the Drawings 

A. Skin Patch - General Description 

Turning to Figure 1 there is shown a skin patch 2 
suitable for measuring the level of blood glucose in a 
user. Patch 2 is made up of two layers 3a and 3b 
The lowermost layer 3a is made of an suitable 
microfabricated plastic such as polyester, polycarbonate, 
polystyrene, polyimide, or other suitable 
microfabricatable polymers of suitable dimensions to 
allow it to be worn comfortably for a prolonged period of 
time, and optionally has an adhesive on its underside to 
allow the patch to be securely attached to the skin of a 
user. An optional pressure ring (5) is designed to apply 
pressure to the surface of the skin to enhance the flow 
of fluid from the body of the patient into the device. 
The pressure means may also be integrally formed and of 
the same material as that of 3a. The drawing is not to 
scale and thus the various features may be of a different 
relative thickness dimension than illustrated. It is 
understood that figure 1 is shown for illustrative 
purposes only and as such the underside of 3a may be of 
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any shape that would facilj t- ar -~ • 

c- , ^ypes or pressure extrarM-i™ 

5 designs could be used A nen^r^- ^ extraction 

Penetration device (4) o ~ 

cv^: °; r uia is * 

-Layer 3a, through which fluid passes into th* „ n 

and fluid collection and distention po" (7, 

the upper surface of layer 3a i*^ ■> I ed 1U 

> -face ^o^eJ^T « ', 7 ^ 

by the eame microfabricetion process J^" — 

MicroChannel s. 

Lemineted to the lowermost leyer i. a substrete 
leyer 3b. preferably £ormed o£ ^ ^ 

of the lowermost leyer. This serves to close the 

Z^rt miCrOCha " Ml — Penetretion Krtet raay 

optxonelly be coeted with e hydrophilic meteriel a „ d/or 
en enti-coegulent such es e heperin etteched to the inner 
surfece such thet during use it will not diffuse a : a ; nMr 
Also shown is the microchennel system 8. corresponding 
electrochemrcel detectors u end optionelly the 

12 tcToTthe 0 T 3y8CamS 10 - d ^ « 
12 Eech o( the electrochemical detectors 12 end 

electro-osmotic pump systems 10 ere electricellv 

connected vie conductive trecks (not shown, to respective 

ermrnels (not shown, « the edge o £ the petch. 

enoth I r " UW *—«»*«• «» 2e shows 
enother embodiment whereby hydrophobic getes ere present 
on either side of the sensor. 

With respect to Figure 3. . controller unit 102 is 

el"! IT T" Ct " ith CheSe te ™ i,lalS S ° - - — 
electrrcel contect in „ S e in order to trensmit the 

meesurement output signels between the petch end e 
display unit 103 (see Figures 3 end 4, 

P^re 3. As mey be seen, this sits cn top of the petch 
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2 and is secured to upper siH*» n f » • . 

upper side of the patch in a suitable 
manner (not shown). The control „ n ^ 6 

e cont rol unxt serves to control 

the fluid pumping mechanism, hydrophobic gates, fluid 
switching means and analyte sensors. The control unit is 
> also provided with means such that radio frequency 
communication may be made, for example with the meter 
for transmission and receipt of data. The control unit 
would also determine when all the microchannel/sensors 
had been used and transmit a signal accordingly. The 
control unit would also have means to detect any 
malfunctioning of the device and to also transmit this 
information. 

The control unit 102 is preferably battery operated 
and is capable of transmitting signals to a wireless 
display unit (Figure 4) for example a radio frequency 
communication. 

Figure 2b shows a multichannel arrangement with the 
proximal end of the needle 4 is in fluid communication 
wxth a fluid collection and distribution port (7, formed 
xn the substrate layer 3b of the patch. Radiating out 
from the manifold 6 are eighteen of the microchannel 
systems 8. Not shown is the fluid switching means. 

B. Micro- Channel System with Flow Control 

One such microchannel system 8 is shown in greater 
detail in Figure 6b. The microchannel 608 is in direct 
communication with the port 607 into which the fluid 
flows from the needle 4. Downstream of the port 607 is 
an electrode system comprising a pair of inert electrodes 
610 providing electrosmotic flow. The electrodes are 
formed on a second substrate layer 3b (omitted from this 
figure for clarity) . The second substrate layer is then 
laminated onto the first substrate layer 3b thereby 
closing the microchannel 126 and bringing the electrodes 
610 into contact with it. The electrodes 610 are 
positioned adjacent to each other, together forming an 
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electro-osmotic pu m p syste™. By applying . vo 

difference across the eiectrodes, an electric field is 
generated which drive* fi„^ ,1 

cn drives fluid along the microchannel 608 

5 h „ ^ al ° n9 the MicroChannel 608 is one or more 

5 hydrophobic gates 612 which prevents the flow of f lxx J 

of Z h 7 r l0n al ° ng mi — h — 1. Do wnstream 
of the hydrophobic gate 128 is an electrochemical sensor 
611 uprising at least two electrodes also for m ed on the 
upper substrate layer 3b. At least one further 
10 hydrophobic gate similar to the first, is optionally 

provided downstream of the sensor 12. This serves to stop 
the flow of fluid past the electrodes to allow the 
possibility for an end-point detection of the analyte 

i 5 It VI bS UnderSt °° d by those billed in the art that 
15 the hydrophobic gates may be constructed of any suitable 
material, including, but not limited to, ptfe 
polycarbonate, polyisobutelene, pmma, dodecyl 'acetate 
silicon rubber, synthetic way, octadocyl mercaptane 
dodecyl mercaptane, and/or octa decyltrichloro silane. 

2 0 

C. Skin Patch Operation 

Operation of the skin patch 2 will now be described. 
The patch is attached to the skin of a user causing the 
needle 4 to penetrate substantially into the cutaneous 

25 layer of skin. Cutaneous fluid is drawn up the needle 4 
and into the port 7 of the device. Referring now to 
Figure 6c it will be seen that the fluid 136 is drawn 
into the microchannel 126 as far as the hydrophobic gate 
128 where its flow is arrested. when a measurement is 

30 required, the controller unit 102 issues an appropriate 
signal to the electro-osmotic pump 610, in the form of a 
voltage difference across the two electrodes. This 
causes the fluid 13 6 to flow through the hydrophobic gate 
128 and past the analyte sensor 6li until it reaches the 

35 second (optional) gate . Once the interstitial fluid 136 
comes into contact with the sensor 12, a measurement is 
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performed by the analyte sensors. 

The controller unit 102 is provided with control 
means or means to initiate the flow of interstitial fluid 
sequentially to each of the microchannels (8) after a 
predetermined period of time. Once all the tests on the 
patch 2 have been performed, the controller 102 transmits 
a sxgnal to the display means 103 to alert the user so 
that the patch 2 can be discarded and a fresh one 
applied. 

D. Alternative Embodiment with Optochemical Sensing 

An alternative form of microchannel 126 is shown in 
Pxg. 6a. This is similar to that shown in Fig 6b 
except that the electrochemical sensor 611 is replaced by 
an optochemical one 615. The optical sensor comprises a 
reaction chamber 616 which for example contains Glucose 
oxidase (GOD) , Horseradish Peroxidase (POD) and a 
leuco-dye, (a colourless precursor of the dye molecule) 
(e.g. 2,2-Azino-di- P-ethylbenzthiazoline-sulfonate] 
The optical system is not limited to the above example 
and could comprise any suitable enzyme -dye combinations 
The reaction which takes place is as below: 



25 



It will be seen from the above that the dye changes 

GOD 



Glucose + O2 
H2O2 + 2ABTS 



+ H 2 0 
POD 



Gluconic acid + HjOj 
aABTS' + ai^O 




Subsraic / oxidized fonn of ABTS 

colour in accordance with the amount of glucose in the 
sample. In order to measure this, the chamber 129 has an 
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optically transparent upper surface m. 

^ aligned with the tlp ^ a „ ^ ^ "ranged is to 

centre! unit ,not shown, se that ft f^ is * 

5 eTrftTf 1 ? t0 3 " 3bOVe the *» The ether 

end of the frbre is in optical contact with a lioht 

source and li gh t sensitive diode sensor which f 

sensrt.ve to a particular wavelength of light (for 

-ample 43Snm in the case of ABTS) emitted by he 

io HZ dye - The desree o£ abs ° rpti °- ^«'«- 

10 grvas a measure of the amount of transformed dye and thus 
the amount of glucose present. 

acts f illU : CraCed ab ° Ve ' glucose present in the fluid 
acts as a substrate for GOD, which breaks the glucose 
down ln to glucono-x.s-lactone and hydrogen peroxide PO D 
IS subsequently catalyses the oxidation of the leuco-dye 

J'" 3 hydr ° 9en "suiting in the production 

sllll: ZT h ^ " hiCh ^ *«~tL. Those 

skUled ln the art will understand that instead of 

Z.a-Azmo-di-O-ethylbenzthia^line-sulfonateJ, any 
20 stable leuco-dye may be used, e.g. 
Tetramethylbensidine-Hydrochloride, or 

B-Methyl-^Benzothiazoline-Hydrazone in conjunction with 
3 -Dimethylamino-Benzoicacide . 

The microchannels described as hereinbefore use 

The^Tr 1 ° r COl ° rime " iC — - ^tect glucose, 
xne skilled person would understand that other 

detection means, such as infra red detection, filter 
photometry or Kromoscopy may be used. 

30 F. Electrode Penetration Member 

Figure 5 shows schematically a further preferred 
embedment of the invention, similar construction to that 
of the previous embodiments and thus it has a hollow 

35 Tar T' SXamPle Umited t0 ^ and 

35 o.3mm wide which penetrates substantially the cutaneous 
layer of the skin 113 of the user.. 
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in this embodiment however the needle 106 also acts 
as a„ electrode which serves to extract fluid from the 
skxn. At least one electrode 108 is provided such it 
makes contact with the skin. As shown i„ Pig 5< the 
needle 18 poised at a positive potential. By applvinc 

ssL^isr across the eiectrodes 106 - 

electric field is generated along the needle 106 and 
aanifoid 111 „ hich stlmulates ^ sfcin ° ^ 

person of interstitial fluid out of the shin 

G. Alternative Penetration Member Construction 

Figures 8a to 8d show two further embodiments of th. 
invention In contrast with ^ ^llls 
these are both si„ gl e-use strips suitable for measuring 
blood glucose of a user. They are therefore used in a 
sxmilar way to conventional test strips. However a 

I™"::™ " ^ " l — -ce 

Considering the device lis shown in Pig ea. it will 
be seen that it is made essentially of a la yer 16 onto 
which a second layer is attached or laminated (not 
.how) The lowermost substrate layer 116 comprises a 
moulded or stamped miorochannel 118, as weU as the 

wlt7t"e 1 e„cT ed lan ° 6 a " an9ed " Cl ° Se 
»« h 'he entrance 103 of the miorochannel. During 

manufacture, the miorochannel 118 maybe coated with 
suitable reagents, such as glucose oxidase in the case of 
glucose detection, which can be applied by any 
conventional means, such as printing for example screen- 
printing or inx-Jet printing, or spray coating during 
manufacture. Alternatively, the miorochannel may U free 

VTT^Tl Tr s beins provided on che <~ 

layer ^ °° ° £ «- 

The uppermost layer ll7may also be a conventional 
biosensor test-strip which could be attached to t„e lower 



WO 02/49507 

PCT/GB01/05634 

- 33 - 

surface such that the electrw^ = 

underside of the foZZ T T P ° Sitioned ™ the 
electrode 2 t channel . This particular 

^TT^TL "HZZ^I el ~ 221 of 

S mediator such as glucose oxidase ST* ~ 

ferr lcy anide to form a working electrode for detecting 
mucosa, as is „ ell known ln che ar£ d ° te « 

acounter and reference eiectrode. The electrode "stem ' 
may comprise two working electrodes which 3erve J^" 

10 compare currents at each and measure the channel fillino 
speed of the blood or interstitial fluid. M telt 1V el7 
the electrode system could comprise just two electric 
a working and counter/reference. Hot shown L pi^res i- 
21 is a venting device such that air may be displLed 

15 upon uptake of fluid into the microchannel . a vent or 
vents may be provided at any convenient location. 

Corresponding tracks 321 allow electH^i 

. „ , iOW electrical connection to 

whert a°sT el6Ctr ° deS " ^ «* ° f -«p 

20 The^n 1 " lnSSrted int ° 3 SUitablS teSt -t-r. 

on! ZTI ZT ^ ^ Sli9htly l0n9er th - ^ ^wer 
one lie to allow access to the tracks 321 for this 

purpose . 

of thf °° tiCed " partt<:ular that the lance 119 
of the strrp lis in pig ea t nti 

:„:: s r cci r and tapers towa rds us ^™ 

that when lt ls used to puncture a user's skin i„ 
shown in Fi gure Sb. the two sides of the V rc "ackV 
Portion of the skin forcing the epidermis to form 

the remaxnxng wall 123 of an enclosed channel 124 . ^ us 
30 an open channel is effectively transformed into a dosed 
one when it is inserted into skin. Thi s allows fluid to 
be drawn up the channel „« so formed and into the 
mrcrochannel lie. without having to mould a very fine 

- this is l 
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slightly modified embodiment of Figs 8c and 8d in which 
the mxcrochannel lie- has a rectangular profile 

skin wlth'tlTl ^ ^ ^ ' ^ 

skxn wxth the lance 119 and interstitial fluid or blood 

> is made to flow, by means of capillary action +1 ! 
channel i 24 formed b y the lanc/ui^a d h ° 's ^ 
into the microchannel 118 and thus over the 
electrochemical detector 121. 

The user then withdraws "the strip i 15 and inserts 
the opposite end into a conventional style test meter 
whxch ma.es electrical connection to the three conductive 

pa~t oYth 1 " r ferably hOW6Ver ' iS " ^egraT 

part of the lancing system such that the user does not 

need to insert the strip into the meter and is 

automatically provided with the measurement result 

Fxgures 8e through 8h show alternative embodiments 

of lances for penetrating into a body-fluid laden layer 

of skxn as an alternative to the embodiment of the lance 

119 of Fxgs. 8a and 8b. m Figure 8e, the lance li 9a is 

an -tegrally formed pointed protrusion from the device 

115 (not shown in Figs. 8e but identical to that in Fog 

8a) wxth a longitudinal capillary channel 121a cut 

completely through the thickness of the lance li 9a At a 

poxnted distal tip 125a of the lance li 9a . the lance UJl 

« Provxded with an enlarged area 123a of the channel 

121a. The enlarged area 123a also is cut completely 

nd ro ^a th : h thickn :: s of the iance - ^ 

end 127a, the capxllary channel connects with the 
mxcrochannel lis of the device lis of Fig. 8 a. 

As shown best in Fig. 8h, the embodiment of Fig 8e 
permits fluid to enter into the capillary channel 121a 
from opposite sides of the lance ll 9a and with the wall 
of the skxn cooperating with the walls of the lance n 9a 
to defxne an enclosed channel 121a. Fluid then can 
accumulate in the pooling area 123a and flow from the 
poolxng area 123a into the capillary channel 12la as well 
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S the large pooling area 1M ' , but «*■*«>. 

=e 11— * — ^^r-Sirs: 

10 stamped fro™ electrical!, conduct. 1^ a ? IT \ 
cases. the base member m, y b. M electrode ^ 
electrically conductive base member and la„~ „ 
stamped from metal as described or forme i an ~ 
acceptable manner photocHemical" e tcb „! ^ , 

- .too. material, machining or other fabrL ing ' ^ 
tech„ lque) . Bhlle th# electrioal conducti 9 

member can be made of stainless steel i, ! 

» », .... . :i:;::r:;rr:::: 

Fig 8i shows an integrally formed base member and 

microchannel 84 onto which a second layer su .h 

of- yj n , , ^ iAU J-ayer such as a test- 

strip could be attached, it is intended that such a 

device as illustrated in Fig ei would h<a . 

into a lanoof- • would be incorporated 

into a lancet firmg device such that the device could b. 

inaivi, y _ ponchea/s— : e ~L also 
be stored wrthin the lancet firing device. 

s ve„t :tztiv:z:?z tt\t a ~— 

- once finid is ta,en-; t\T ^ S^."^ 
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sensing zone 82, the flow of fluid is hali-.H „ 

~Y ^ of any suitable si 2e or shape ^ 



J. Detailed Preferred Embodiment 
1. Sampling Module 
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With reference now to Figures 17a - ?i ^ 
invention win now be described "th refer,! > 
Pitted embodiment of the inventlonTa H ^ 
continuous monitoring system. 

several ~ ViV ° C ° ntinuous -nitoring system consists of 
several ma.or subsystems including sample extraction 
sampie fluid distribution, and electrochemical detection 
AS wm be more fully described below, a body fluiT 

hi:„eVfo\v xt r ted fcon the sun - d • 

concentraton termination of glucose 

*uJT^::T«™t:r zt r body fiuid is 

Th ^ «iixerent, previously unused channel 

This process avoids false results otherwise arising 
fouled electrodes or denaturant enzymes Sine S h e 
channels into which the fluid is re-directed are not 
filled with a sample solution or any other liquid, the 
electrochemical system in the channel will not show aging 

monii-^ 6 diSP ° Sable P ° rtion ° f the ex vivo continuous 

monitoring system is referred to herein as a chip 

Figures 17a, 17b show embodiments of such a chip 00 

400a. m the embodiments of Figures 17a 17h w 

400 400* h= e * 9 S 1/a ' 17b ' each chip 

400, 400a has for example, but not limited to, twelve 

measurement channels 402 402a wit-w • w 

«4. and 404a and waste ^"JT ZT"^ 

in the embodiments of chips 400 , 400^1 tlllZT 

below with initial description being limited t a 

discussion of chip 400. It will , . 

400a is u..,. , . bS a PP rec iated that chip 

400a is identical to chip 400 except as will be 

described, similarly elements are numbered similarly 
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with the addition of an " a" 1-0 

Tho u ■ Ann u t0 dlsti ng^sh embodiments. 

The chxp 400 has an edge connector 401 for 
electrically connecting electrodes (as will be described, 

5 logic 00 :" 011 " ^ ^ ' A ~ - 

5 logxc, memory and processors for controlling the 

electronics of the chip 400 and optionally displavino .„ 
outputs (as, for example, the function and ^0 of 
controller 102 in Fig. 3) . operation of 

10 by rad^'r^ 1 " ^ ~ aur ~? t resu ^ are transmitted 
alio fr" 116 " 7 ^ COntroli - to a remote control 
allowxng the user to view the result and optionally to 
communxcate or interact with the controller of the 
monitoring system. 

15 sxln Th i n S Z Un9 f ChiP e " raCtS b ° dy " Uid the 

skin, m the preferred embodiment, the chip 400 extracts 

u'To T " Uid <ISF ' ^"antially'the cut n o 

00 Ll d ' " ith refer9nCe t0 18 ' the chip 

400 includes a suitable cannula or needle 410 a „„,< 
loaded hub 412 to pressurize th. ! S P""9" 

,„ . . pressurize the skin and means such as 

20 an adhesive 414 to fix the chip 400 to the skin 

Sampling modules with needles and spring-loaded 'hubs are 
shown in U.S. rat. »os. 6,203,504 and 5,746.217. 
be appreciated the foregoing description is a preferred 
embodiment^ Any technique for obtaining a sample of body 
fluid may be used in combination with the teachings of 
the present invention. 

Body fluid enters the needle 410 due to the pressure 
applied by the hub 412 and travels in to the micro 
30 TTltl " *' Crtb « d ab °"* »"h reference to Figs, 
into " eedle 410 disch « 9 es the body f lu id 

into common distribution depression 416 shown best in 
Fig. 19) The distribution depression 416 is ln , luld 
low with the micro-channels 402. tn the embodiment 
shown (having 1 2 channels of dime „ sions desct . 

the shape and the volume to the distribution depres L 
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416 is preferably a disk shaped void with 

and 100 M m depth Th* a * . mm diameter 

*■ dimensions and shape may varv 

depending upon the size, number and flow rate of 
individual channels. Not shown in the drawings a 
portion of the micro-channel 402 between the -x 
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2 . continuous Electrochemical Detection of Glucose 

::L°:»r: ::^ n : ™ e 3 9old r r rbon) Md a 

Th„ m g " sllver / si lver-chloride) 

The reference electrode 420 is circular to serve as . ' 
common electrode for ea o„ •, 

»-« of contacts LcesLS I t" 2 ' rSdUCin9 ^ 

. u& ne cessary. Alternatively, each 

channel can be provided with . ^ zeie ZL° 

r sw., ^ be adde , T r:^nrr:r e 

disposed to contact fluid in the channel 402 Is 
prevxously described, the channels 402 are formed as 
open channels in a substrate layer The el^TT. 
418 are screen-Drintert ™ electrodes 420, 

wh^h P rinte ^ «> an overlying laminate layer 

which also serves to seal rh. , ' r 

=i . j e ch annels 402. The work*™ 

trtatle * d ~ °" ~»« 
mediated s y ::: P o ; Z ""^^ °~ a redox- 
system for the carbon working electrodes and an 
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oxygen mediated system for „ -, 

electrodes. 90ld ° r Pla " n ™ 

While a specific electro-chemical system will „„„ „ 
described, it will be appreciated that such descriptil 
« - Ulustrative and any auitabie s y ste m could h use " 
in the case of the redox -system an organo-met" 
L7 K ( " hiCh 1S »"*»- - Powers forcing the ^ 
body, acts as a conductor and electron acceptor for the 

- Reenter ~ ^^1^,^ ^ ^ 

finall *f "° rkln9 •*•««>*. the mediator is 

finally recycled to its original redox-state before It 
can react with the enzyme protein in a new cycle The 
fo lo„ lng are suitaWe £or chis ^ V The 

oxrdase from a e pergill us niger ,GOD EC 1 1 3 41 .J^T 
dependent glucose dehydrogenase ( ODH EC 1 \ 9t \T "» 

The enzyme ink is a cross-linked hydrcphilic gel 
aUowrng the penetration of sample fl u J J 

large molecules such as the enzymes, proteins; or to the 
polymers of the ink material directly. Xn case of Zy^l 
melted systems the situation is simpler. The enzyml Z 
needs only to contain enzyme as active component, tie 
oxygen rtself is dissolved in the sample fluid and U 
transferred to the sensor from the sample stream in the 
same instance as glucose. 

medi r^ 956 ° f 9lUC ° Se determin *tion the oxygen- 
mediated system can be created with GOD based on the 
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Redox-mediated: 
10 GOD 

Glucose + Ox ► r . 

Glucono-lactone + Red 

- - — - _ MP . (cM)(j _ hydtoqui _; 

Oxidation of hydrogen peroxide on gold: 

Au electrode 



Reduction of hydrogen peroxide on gold: 

H 2 0 2 . + 2H + + 2e" " 400 " v v 

Au electrode 



2 H,0 



40 



peroxide « 9 reducti °n of hydrogen 

^ cne oxidation or reduction 
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of hydrogen peroxide carbon eleci-rw* 

the oxidation of the ied ;: n ^ZT can "* used for 

5 Red _+ 550 mv „ 

►Ox + e" 

C electrode 

In the preferred embodiment <-h~ , 
10 deposited on a film „ 7 ° aiment ' the electrodes are 
n a £l lm such as Dolvstvr a n= 
of about 10 - 200 um an n P ° lyst y rene °* Polycarbonate 

m using screen prTntL: 30 to ^ 

-is print stepX 1 ; L TT-lZe " 
containing en 2yme and in the ca se of ^ ^ 

-terial. Thus the pro duct o I coul TlT * 
machine with different Drln / h " " ° ne 

20 continuous web Suc h "* ° n * 

« Continuous Process fo r P ; OCe r 

rrocess for Manufacture of rn o««- 

Electrochemical Sensor" n* * Dasposable 
09/537599. ' * W^cation Ser. No. 

Mon^t:: Elements of ex viv ° contin — 

is sh^ttr ? 9 ia9 T r h a : c ° h f channel 402 

r -Lg. iy. The channel 402 Pvt-pnrc * 

needle 410 and distribution depression 4 16 H T 
the main channel 402 (of di^ 7 thr ° Ugh 

* .00 um, containing the £^ £ ™ " " 

= - 30 -, ma y be p^ed ^ ^ 30 
depression 416 and the common electrode 42 n c 
restriction levels out different * fl ° W 

extraction of the body f luL Thes ^ ^ ^ 

ay fluid. These flow rate differences 
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are caused due to th<* ^v,=>„ • 

higher fl 0 „ rate at the be C ° M 0bae ™ * 

-pared to t h e .tllTrZVLl T'"' 

-^cttntrr^: 1 ^::^"" 01 parc ° f 

"ey are placed on top of the "°- I " t -"- 

rectangular channel 402 of theT ""J**** °* 
0 in a separate lamination step " * ° Up 4 °° 

waate^L^ =hannel 402 is the 

aample solution after it^uatronTtne 406 °~ 
electrochemical sensing in ohannel * ^ . 
• waste reservoir 406 defines the aj o£ time ° 
channel can theoreticallv h- „ ° ne 
«« is filled, the cl o'l ler U ;;„ act"' 
channel to continue with tn det«tiTof ^ 
body fluid of a patient. deteotlon ° f 9i»cose in the 

It is important that the reservoir 406 i« i 
enough to support more then a two-hour J 96 
Thus, a chip 400 with twelve clZrlZ ' 
to ,6 hours allowing the patient TtlZ™ cT * 
new chip ( e o <*,„.< „- k • . convenient change to a 

However as will be f " ^ ^ «»"«., . 

. as will be appreciated by those skill.,, • 
art, reservoirs 406 larger then s „L ZilHl " t 
support the flow for more then ,. Z Ugh to 

of 30 nb/min) could art , " Uh 3 £1 °» "te 

entire chip 0 c ul o ~ fT' ^ 
number of ohanneis i„ ^ £ ^V"-? - «- 
vary depending upon the measured T t££ te7 „ 

Figures 20a, 20b show two different re„ 
embodiments of the waste reservoir t 
reservorr 406 is a meander-shaped extension"* Z 
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channel 402 whii* ^ 

406a and ls not as space efficient 

The column filled reservoir 406a T 
compared to the meander-shan.H advantages 

- si 2e and the i^^J^TL^ 
It could be deeper than th. 12 "^annel chip 40 0a. 

Producing a higher ca p u £ T"™** ™ ^ 
0 extracted and evaW * * '° take U *> the 

capillaries with a cross s^t- i f Sembles a Plurality of 

cross-section in the design o£ wasted 

-hap. of the cow t. not *\ " 4 ° 6 ' The 

octagons or the lik. o l6S ' Pentagons, hexagons, 

inside a coil e ld ^ °" "»"««i«ics 

T the »ost p™^r;; h st: r~ sho - n 

the channeis a„ d reservoirs My va ^ 3e0metry of 

-atnree^^r f T^Ull^ 

can be used for the h.™ V ! narration of plastics 

Polystyrene. ^TV' ^ 4 °° ' e '^ 

jester, and ^^^^TZT' 

any desired pattelfoT ^^^T"" 0 "™ «••»- 

characteristics in f-n~ i P^rerawe 
u lammation process. Thus 

- :::: zr:::: rr^rr*- - - 

-rihed ahove, b) the ^^llTZ system 
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screen printed on a polymer foil and c , hh 

with extraction needle Th^ \ sampling hub 

* aie - These elements are descriK«^ • 

the foregoing sections. described an 

Normal lamination processes »«« 

5 pressure sensitive or Zt 1 C ° ated With a 

to a substrate or another foil T **" * f ° U 
may present problems j * proces ^ 

device. First fon i With the described 

Printing * 

^ sensitive adhesive due to J^J^^^ 
equipment. Such problems can be addressed with a oxl 
coated with a hot melt adhesive, where the adhesive 

- r^T oniy at an eievated ^~t:z 80 

other TJIZIT^ " ^ S « 

M 13 qulte ea sy »ith this system but i r 
can preS e„t problems during the lamination step The 
91- layer beoomes substantially l iquid ac 
temperatures with the eonse^enee that the printed 

Apart form the foregoing problems, there is the 
additional problem of glue entering a ^ 7 
misshaping the channel F^r the C K " Cl ° 9ging « 
-st advantageous pro ess Is a ^ d * S ™ **>°ve, the 
bonding process ofl^.^^!'^-^ 

Plate. The bonding happL L an !l !° ^ 

with a cra ■ *PPens at an elevated temperature 

wxth a stamping tool or a hot roller press. The 

temperature is close to the glass transition/ 

(T 8 ) of the polymer thus the in \ r * naitxon temperature 

- - Polymer ^J^t^Z^ 

z^zszzz r-r poi - L s " iV 

cegrity of the foil or film. The iow 
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molecular weight portion of t-h~ 

P^oes ,base pIa J and 10 L° "« *oth 

additionally it win follo „ " together. 

eXectro.es, »Mc h 1 " h et e" ta"!" 6 ^ 
5 Therefore, one does not see lL , thiCk - 

and printed areas zZll tL- '* *« * late s 

T -^astio ssn* 

m- u • regime and temperature/pressure 

10 combination polycarbonate _ « , P eseure 

wen. But as 

not suitable for such a process. 1S m 

4. Channel Switching Mechanism 

The switching mechanism 404 allows the r,m a 

developed to overcome this problem. A classical elm,!* 
for such a system is the mercury-drop-eiectrode ITe 
the mercury provides the electrode surface but eve™ 
second the drop of mercury is r.t>l.~rf ^ 

the most efficient but », Bleo ^ode surface is 

avoid foui ing :i:r: 1:1 he most dramaci = * 

all r ' thls same concept is used with 

all current disposable diagnostic glucose strips 1 
30 the test Strip is disposed affcer / re ^TsL: 
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The chip 400 uses a mixture of boi-h ~ 
Plurality of electrodes in differed T ^ * 

an electrode protected bv, nn6lS 33 Wel1 as 

German P.t«t P «^ 9 ~ T" '~ 

5 pat r ation PCT/EP01/1207 -- n :: — 1 

Figure 21 shows a schematic diagram of the 
> swxtch ln g mechanism 40 <. » t the begin „ / 

measurement, all channels <02 are filled with air and 

ZT d *P«=sion 416 is Dlocked dU9 to 

bac* pressure. The switohing system 404 includes 
electrodes «2 separate from the electrochemical 

the reservoi" ^ "t rlt ^ ^ " 
Moced by the foil 4U. Due to^thi! 1x o ag" ^ 
cannot escape from the channel ,02 and fluid from the 

upon heatxng of the f l +-k^ ut 

^ - — t :°:i:te b ::::i:. is ™ d 

electrod^ri^aT ^ °' ^ 

well 426, , overlyxng the foil 424 above the 

well 426) very quickly rises over the glass transition 
temperature fT ) of * ■ , . transition 

of a small current in the" " r6SP ° nSe ^ " ^""tion 

with th. \* ° f SOme 1/1000 ^Pere 

with the effect that the foil 424 f n ™c 

the hydrophobic well 4 26 ^ ^"uJ^LT^ 

event the gas pressure in the channel 402 is relieved 
and flurd can flow from the distention depress^ 
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and into the channel 4 02. 
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The hydrophobicity of the well aoz 
sa^le fluid from flowing ^ 4 P 2 T n d tS 1 the 
out of an opening f ormed in ^ J 426 and taking 

5 energ i2 ed electrodes 404 After th ^ ° f the 

is filled completely th. W3Ste reserv °ir 406 

channel 402 by ^ ^T^ 1 ^ ^ 3 «*~t 
to permit air to esL f K Swltc »ing electrodes 422 
subseguent 402 - *« the 

0 should he appreciated tLt ot er method * 
between channels and controlling fluid " 
used and the invention i s not SLl^f^ T" * 
method cea b Y the above 

5 - Flow Rate Detection 

f . n . tne waste reservoir 406 -i = 

filled, is still f ill -inrr is 

needie 4X0 has dis^ ^ T^f ~ " 

patient and the contiZj , ™ta„eous iayer of the 

achieve this the l st ! SCOPPed - T ° 

U{5 ' cne waste reservoir an* ^ 

with two electrodes (not shoZ) at the t 

of the reservoir. Not in eW • \ ° P and the bottom 

sample fluid the*! , ele ° triCal COnta ^ with the 

slowly exchanged Ith sampl 1 ! fT^ ^ iS 
capacitance change will Z a- f" ^ ^ ° f the 
flow rate «f Erectly proportional to the 

flow rate of the sample fluid and allow a close 
monxtorxng of the ongoing extraction. 

6- Semi-continuous Monitoring Alternative 

en*,odi m ent the waste reservoir is iust 

-PUce the dead v olume « the needL^~ 
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channels). These =.■„„,,. 9 ' 2 or 144 

structures would support a 12 h„„ 
24-hour measurement cycle with a h< 12-hour or 

« very l„ „ inutes . ta J^J Mucosa test 

-thou would be that It wit „ ot b ! "«—"«»«• 

cros S -i inked hydro9el due t o t L ot fa b o e t n t e " ss 7 to use a 
- suo h as ais^vr— 1 ;; ::~ ™ 

It will be appreciated by those „n n j ' • 
that whilst some of t-ho fc . skilled an the art 

inventive Potential embodiments of the 

inventive concepts disclosed herein h a , v 
in greater detail th» been desc ^bed 

fluids. thOSe in bodily 
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Claims : 



10 



15 



ana^LtT,^™ 1119 ^ of an 

plurality of allte ST" 8 ' 119 * " W ° rt *»* • 

—ij saiHote^ - 
comprises a pl urality of conduits Lch thl T 
sensing means has a conduit associated thel^H * 
conduits serving in use to direct sa d iu^o ' 
respective sensing means. t0 

2. A device as claimed in claim i ■ • 

penetration member, preferablv / C ° mpriSln 9 a 

suff icientlv «». ! preferabl y integrally formed, 

surriciently short only to penetrate h he o . 

of skin, most net rate the cutaneous layer 



3- A device as claimed in claim i or 2 ™« • • 
least one microchannel for conveTina at 
20 to one or more of th. . C ° nVeyin * a interstitial fluid 
more of the sensing means. 

4. A device as claimed in claim 1, 2 or 3 wherein at- 

measurements of the fluid at " 9 "' eanS take 
monitoring of the J ^"erent times to enable 

in y or th e concentration nf h ha , 

fluid over a period of time ^ *" tb " 

30 

anal^Ta^LTd"" 8 """ 3 °" - an 

to said se» s tr^ n T ln9 " eanS C ° nVeyin9 
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7- A device as claimed in claim 6 wherein the , 
sensing means comprises on. ~ serein the analyte 

with said analyte and t h k "°™ rSagentS t0 reaCt 
s alyte and thereby give a measurable output. 

~ J'^jr^rj^ 7 — - reagent 
the microchannel ^ 1S PrOVided ° n * -U of 



10 



15 



conveying sai P £lu 1a ac " S3 ehe 8UPPOrt ne ^ er for 

one o r m ore reagents ~ "l^uTs^ ^ 
coated on a wall of «■», • 3ld anal yte is 

a " L1 of the MicroChannel. 

10. A device as claimed in claim 9 ™ • • 
measuring the output of a relt 'J 0 "** 1 *"* — for 
and the reagent. ^ bStWeen the «*lyte 

11 



20 



25 12 



. « uid from . human :ri:r::r b : e n lu f rr xtractin3 
proved "n the S u; P :;r is H n9 a support memb «- — 

tne su PPort member for sphq^. 
wherein said support me ^ r further ^"r- 
extraction me ans arranged to direc TJuTd to" 
sensing „eans via . conduit on — 

c^ltlT^Zt^ Cliim " *» ~" -duit 

14. A device as claimed i n ci aim 

said fluid extraction - ' " ° r 13 wherei * 

^traction means comnrispe a 

omprises a skin penetration 
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member. 

layer. ne sub ~cutaneous 

16. A device as claimed in claim iq ut , 

penetration member is aa apt el to exLct T ^ 
10 fluid. extract interstitial 

17^ a device for measuring the concentration of an 
analyte in a bodilv fiu.rt . . an 

means, said penetrLo CO, " Pria1 " 9 skin Penetration 
» as to penetrac l ! ~™ 1361,19 - f «^ntly short so 
penecrate only the cutaneous layer of skin 

penetration member to sain 
>0 site. analyte sensing 



18 



penetLtL?* " ^ 1? Whe ~ in -id 

penetration means is integral with said support layer. 

25 19. a device as claimed in any of claims 14 to 18 
comprising a microneedle for extras,-*, • 
fluid. extracting interstitial 
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ad°apteaT iCe " *" " V P ~ Cedin9 •«* is 

adapted to measure glucose concentration. 

21. A devioe as claimed in any preceding claim 
comprrsrng anaiyte sensing means including a mediated 
amperometric enzyme electrode, mediated 

22. A device as claimed in daim ai adapted to 
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ferrocene-mediated electron transfer f rom a , 
oxidase catalysed reaction. * glUC °— 

23. A device as claimed in any preceding claim 

comprising a plurality of analvt* • 

*-y or analyte sensing means. 



" - - - - - - * «- r , 

" ::...;,r;;: ir™;: :r •• — « 

27. A device for measuring the concentration of a ^ 
said concentration over a period of time. 

29. A device as claimed in claim ?a ™ m • . 

co„ trol means for in£luencing 1 :,;; LT£Z "°L 

sensing means. to the 

« " CUimed " =laim 29 Wherein th. flc, 

:r:::L:r ™ s a h ~- — «~ - . 

' 31. A device as claimed in claim in . 

c h a„ gi „ g che hydrophobicity T; aii °;:T 13 ^ means £or 
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32. A device as claimed in claim *i 
hydrophilic base material ^™ £ Rising . 
material and furth., c ° ve «d by a hydrophobic 

s hxarophiiic base" «.riT D9 ^ ™* 

-.channel sufficient to breaoh saV ^biT ^ . 

34. A devioe as ciai m ed in any preceding ciaim 
compr lsl ng a plurality of analyte senein! . 

a measurement is Co be ^ * USer to "hen 

37. A device as claimed in claim 3>; nr 

as colorimetric transduction means " "^i" 9 

38. A devioe as claimed in any of claims 34 to 37 

TuTto ~n7 0OlUccio " ~ -o 

30 to be measured — ication with a body fl uid 

39. A device as claimed in claim 38 wherein .,,.>, « . 
sensing means is in selective fluid Z ^ 
a „i* tlve riuid communication wii-h 
said common collection region. 

40. A device for making a plural . t- v 

a « pj-uraiity of measurements of 
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the concentration of an analyte in * •„ 
common sample collection sit Tin fl m a 
the fluid to be measured and a olu , C ™ Cati - with 
for measuring said concentration ^ * ™" 

41. A device as claimed in anv „i • 

10 

and caiifration senslng ^ ««™— * 

" calibration measurement. P*rfo™ ln g at least one 

43. A device as claimed in claim 42 comprisina a 
Plurality of individual s to all" 

of periodic C aHhr,n allow a series 

2q cal.bratxon measurements to be performed. 

44 a device as claimed in claim 44 wherein the 
continuous sensing means and calibre 

are provided on a common base ZlZ ~™ B ^ 



25 



to the skin of a user. attachment 

46 
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A device as claimed i„ any of claims 42 to 45 
compr.sxng f!ow control means associated with flld 
condmts for conducting fluid to th. i u 
means. ° the call *>ration sensing 

47. A device as claimed in claim 46 wherein sain ,i 
control means comprises an P i B , serein sa ld flow 

arrangement . electro-osmotic pumping 
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use sensor. ° allbraCl ° n — *«« —» comprises a si ngle 

■ ehe conUnuous ^rLr ^ """" *" ~ 

51. A device as claimed in any of claim. „, 
comprising one or more microc Zrllu ^Tcon 
«uid to oe measured to the sensing meals ^ 

transfer means for tran-f^ comprising 

the user-s bod y to a sens L ^ * *"* ^ f ™ m 

ay to a sensitive part of the device. 
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tran^ " Claimed in Claim 52 herein said 

transfer means is arranged to fcransfer « _ 

upstream end of a microchannel . t0 ^ 

"ansL^r^t rneldt" " " 

- m^: ot^ ret r ein - «— 

-neons layer o £ .in. ^T^Z^ 
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transfer means. * * ° f penetra tion by said 
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SB - device as claimed in any preceding claim 

comprising display means fcr displayina !„f 

of an analyte being measured. 9 concent ««on 

59. A device as claimed in claim 58 wherein said 
' display means is separate from the rest of the 

receives data therefrom by telemetry "* 

60. A device as claimed in any preceding claim 

o^z™™ tz r ini r in9 a — — - ■ — 

evice on the bas ls of a measured analvte 
concentration. *naj.yce 

61. An device for administering a substance to a u.. 
comprising a measuring device for measuring the 
concentration of an analyte in a bodily fl!id f rom ■„ 

™: a :e d n r surin9 device c °— - * - 

analyte sensxng means and at least one conduit 
preferably a microchannel. for conveying ^d h „ „ 
to at least ono n * ying saxd bod y fluid 

furl* S6nSin9 mSanS; the apparatus 

measurement of concentration. 

62. A device as claimed in claim 61 wherein the 
mea eU r lng device co mprises a self _ adheeive \ 
attachment to the skin of a user. 

63. A device as claimed in claim 61 or 62 wher.-in •„ 
administration means is integrated with the 

device. e mea suring 



64, 



An device as claimed in claim 63 wherein the 
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administration means comprises a r 

measuring device fQr dispensing J^-c- Pr in the 
65. An device as claimed in claim ca * 

66 • devic * as claimed in claim 

Pump for both administering said ! I a -ingle 

body and for drawing out b T Stance to a user's 

sir - ;r - 

= - «... 

a Plurality of driving ele °! ° 01 '" eanS «"l»*«ing 

being p^ittt;^^: r vin9 

channel. scantially on one side of a 

68. A device as claimed in claim o v 

laminated to the main =. second substrate 

substrate layer haT ^ 

thereon. ' ^ — « «« Erodes formed 

'0 A device as claimed in claim S9 wherein „. . 
substrate is arranged to close a oh , SeC ° n<3 
-in support memb.. °" annel Prided on the 



open channel ^ ^ZlTZlTlT ^~ " 

a — - — — - si^r^'ar 
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to close said channel. 

72 * A devi °e as claimed in claim 7-, u 

is a microchannel. 1 Wherein said channel 

5 

73 . A device as claimed in claim 71 or 7, 

integrated skin penetration « k comprising an 

also open on one ±S Pr ° Vided is 
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74 . A device as a claimed in ci aim 73 wh . 
penetration member ±. arrant 61n Said skin 

w one u;^ rz ci T h rt r havin9 at 

arranged so as effectively to « 8 h ° ' ^ 

to ac t a S che remaining ir ng ^:: de pe : f :r ed t 

when the penetration k the mem °er 

P netrat.on member „ i„ sert e d into the skin. 

-euring said anil,:: e^ ^ *" 

including li ght sensitive means wh. 

device and said test meter are I meaSU ^ 

- l ight sensitive metl naT^T " 
channel of the measuring device. * ^ * 

n- Apparatus for measuring the li^h.- * 

Rising an elon9ate ^ n ; j l: ;r;? y 

sample fluid is drawn i„ use J , ™T " 
arranged to be sensitive to ijl sensitive „eans 

^ongitndinal ~ ^^"S^ 

use and a moul ded plastics lens over J^££T " 
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portion. 

79- A test meter for use with disposable skin h 
claimed in claim 78 comprising a liL 38 

5 arranged, in use to 9 sensitive element 
^ ^' Xli use, to sit over i ^ , 

placed ever the patch. ""^ Che "« is 

80. A method of measuring the amount of an analvt* • 
sample of liquid comprising providing an ILT T * 
■ measuring device having a sensor tuc^ ^T^ 
mrcrochannel. introducing said sample liguid r 2 said 
microchannel, and measuring 

by said electrode " Z L iJ "T" Pa3Sed 
analyte in the sam^e dlC " 10n °* Sa " ™ ° f 



15 



81. An electrochemical device for- 

of an analyte in a sampie ZZ 
electrode disposed within a microchannel and mean 
measuring an aggregate current passed by said electro! 

th n e U :rmpL 9iVe ^ indiCaCiM " — — - ---in 

62. A method of making a device for measuring the 
concentration of a substance in a liguid comprising 
2S formxng a first channel i» a substrate material, fftting 
eaxd channel at least partially with an electrically 
conductive material, and forming a second channel o as 

conou t rSSCt £ir " ° hannel - th «^ *~ 

30 r^r ions ° n ~ — - - 
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A method of fabricating a device for measuring the 
concentrate of an analyte in a fluid comprising 

LrLTofT^" - °P*» Chanlel on a 

layer onto ""V"* 0 " — laminating a second 

layer onto sa a d support member so as to close said 
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channel . 

5 comprising: 7 ' Said 

a support member; 

a channel formed on said support chamber,- 
said channel having an enfr^n^ * 
body fl u i d; entrance for receiving said 



15 



an analyte sensor carried on a *iA 
Positioned to sense an analyte 2 8aid ^ ™* 
channel; Said fluid wifc hin said 

a flow controller for influencing « fi ow of „. _ 
wxthxn said channel to said sensor. * 

85. An apparatus according to claim 84 further 

=■ i.x.t ™r " — - - 

20 86. An apparatus according to claim 85 further 
composing a flow restrictor between said fluid 
extraction member and said channel. 

87. An apparatus according to claim 84 further 
25 composing a waste reservoir in fluid fl 

with said channel. comm ™^tion 

88- An apparatus according to claim 84 wherein said fl 
controller includes a flow inhibitor in sa a £ fl ° W 

a relxever f or permitting discharge of said inhibitor 
Snr ^ " — - ^ InTsaid 
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reliever includes a switch 

90. An apparatus accordino hn „ 
5 switch include « w 89 wherei n said 

inhibit:: flu L fr :: r , biockin9 passa * e ° f °^ 

controllable eiectrod. 1 ^ ^ Selecti -l y 
able electrodes for removing said membrane. 

91. An apparatus according to claim 90 tth • 

3 membrane is selected to be at lllT ^ 
by energi 2 ation of said eUc tr o des 

92. . An apparatus according to claim 89 ^ ■ 
inhibitor fluid is air 3n / °* laim 89 "herexn said 
fro. said channel ^ VentS ^ ^ 

93. An apparatus according to claim u 

controller includes . fcy*^?^* Uherei " "~ 

channel. ° 1UdeS 3 h ~obic length of said ■ 

95. An apparatus according to claim o„ u 

=on troller inoludee . bu j e * » 8 n trr v ai< \ £iow 

with a vent to fia i^ „u , P ln said channel 

urging tluid pa^ ^fl " e ° haniSm «« 

j-^w past said flow controller. 

«• An apparatus according to claim 96 wherein sal* 
pumprng mechanism is an electro-osmotic pulp 

An apparatus according to 'claim 96 uherein ^ 
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pumping mechanism is 



controller. 



automatically controllable by 
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99- An apparatus accordino t- n „i ■ 

l00 "-=LTr o ir P rr- 84, ' herein; 

an entrance f or receiving , ai<J ^ ^ ea <* ^ving 
said analyte sensor is one of a pluralitv of , , 

of said Plurality of a " o r r " t : es a .r sequenc ° ne 

said body fluid i„ „ residence time of 

channels PreCedln9 ~ °* Said ^lity of 

102. An apparatus according to claim inn u 

said entrances is connected I ******* Cach ° f 

fluid. connected to a common source of said 

103. An apparatus according to claim inn u • 

plur Tzrr- and L ~ L::: 

at least a f lrst continuous sensor for sensina . 

a~:;r::r 3 r nal r in fiuid : - ~ 

ned Wlt h said continuous sensor; and 

as ^^rrrirr.*- - 

xu caxxt>ration sensor. 
104. A method of continuously sampling and measuring an 
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analyte comprising: 

extracting a fluid 

directing J f^aL "T C ° UeCti ° n P °"< 
analyte sensing means 9 3 '~ « 

5 £lui a' erf0rmln9 SC lea3t an anal *= — «— t on the 

S e^;:Lu h y n aV 1 h :a" ow °: h fiuid f ™ - «*— * - 

eu.j.y at least another channel aff 0r , 
period of time; and 3 certa in 

° Performing at least a further an a W 

urcner analyte measurement. 

105. An apparatus according to claim 84 further 
comprising an administrator for admin \ 

comprising : fP^racus 
a support member; 

channel. ""^ in Mid £1 »« within said 

107. An apparatus according to claim ,n< a, 

— 1 has a longitudinal dimension lll^loT 

micrometres. dl ™ n ^ th *" 2 °° 
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ULTi d pparatus accordln9 to ciaim 108 «« 

lateral d^ensxon is greater than 10 micrometres. 

5 analv^ I"*™"" aCC ° r<ilng " Claim 106 —I- said 
Z T 8 lnClUd8S 3 reaSenC d ^ 0ait ^ « saia wall 

fluid is within said channel. 

' HI. An apparatus according to claim 106 further 

comprising a fluid extraction member for directing fluid 
from said skin layer to said entrance. 

fl'uid^ " PParatUS —ding to claim m where . n 
fluid extraction member is a penetration member for 
penetrating into only a cutaneous layer of said skin 
layer and said fluid extraction member has a fluid 
pathway for fluid to flow from said cutaneous layer to 
said entrance of said channel. 

113. An apparatus according to claim 112 comprising a 
Plurality of said fluid extraction members. 

H4 - An apparatus according to claim 112 wherein said 
penetration member is a hollo, needle with a 
needle defining said fluid pathway. 

115. An apparatus according to claim 112 wherein said 
penetration member is a lance having opposing surfaces 
defmxng said fluid pathway and with said fluid pathway 
open to an exterior of said lance. * 

116. An apparatus according to claim ill wherein said 

^tT^jT mr inClUdGS ^ ^ ~-tic 
transfer of fluid from said skin ^ ^ ^ 
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nuidt apparaCus a — °ing to claim m wharein said 

fluid extraction member inoludes means £or ultIa _ s J 
transfer of fluid from said ski „ ^ ^ ^ J-» _ 

5 lis to apparatus according to claim lu wherein said 
fluid extraction member includes means for suction 
= d transfer of fiuid fro. said sxin iayer to said 

0 119. to apparatus according to claim ill f urther 
compri sin , ^ elecCrio ^ ^ ^ 

the sh„ iayer and urging fluid to flow to said entrance. 

flL^ aPParatUS to ciaim X19 „ he rein sai(J 

fluid extraction member includes an electrode which 
composes a portion of said electric field generator. 

121. to apparatus according to claim 86 further 
comprising a flow controller for infiuencing a flow of 
fluid within said channel to said sensor. 

122. to apparatus according to claim 86 wherein- 

formedln ** ~" °* * , *™ Uty ° f Cta ™ el = ~* 

formed on said support chamber by forming channel 

an entranc! )' °° * ™ W ~ t ^ ™* ~* h "ing 

an entrance for receiving said body fluid- 

T lyte SenS ° r iS ° ne ° f a P^rality of analyte 
sensors each associated with a respective one of said 
plurality of channels. 

said ~ aPParatUS aOTOrdi "' *° "I wherein each of 

fluid " ° 0nne0ted t0 1 C °™*° n ™ <* -« 

nlura^t ^T^^ aCMrdin9 t0 Clai ™ 101 » h «-iu said 
Plurality of channels and associated sensors inciude: 
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at least a first continuous sensor for sensinq a 
concentration of an analyte in fluid within saL channel 
assorted with said continuous sensor; and 

at least a first calibration sensor for performing 

of an"" r Calibrati ° n meaS ~ ° f * 

of an analyte in fluid within said channel associated 

with said calibration sensor. sociated 

10 anLr aPParatUS aCCOrdin ^ to ^ 106 wherein said 
10 analyte sensor includes an electro-chemical sensor. 

126 An apparatus according to claim 106 wherein said 
analyte sensor includes a plurality of electrodes. 

15 127. An apparatus according to claim 106 wherein at least 
one f id electrodes ig ^ electricaiiy cQnductive 

material deposited in said channel. 

20 HI' T aPP ? ratUS — d -g to claim 106 wherein said 

witTs r ^ eleCtrica11 ^ conductive material 

with said material comprising at least one of said 
electrodes. 

25 !f T aPParatUS acco ^ing to claim 106 wherein said 
25 analyte sensor includes a colorimetric sensor. 

130. An apparatus according to claim 106 further 
comprising an administrator for administering a substance 

30 3 ""I" UP ° n 9 measurin 9 ^sed upon a sensing of 

30 said analyte sensor. 

a body f lui d from a skin layer , said apparatus 
comprising: 
3 5 a support member; 

a channel formed on said support chamber by forming 
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channel defining wall on a . 

u said support member;, 

said channel having an entrance for 
body fluid; encrance for receiving said 

. «- ~~C£ rxrr^rss- - - -» 

fluid is withln said CJja J el ««*- when said 

132. An apparatus according to claim in „>,. 
„ Channel hM * — -ss Ln 

133. An apparatus according to claim no u 
*— -s a lon.itndinai^nt:: ULTZ^ 

. -Lateral dimension less than 500 

micrometres. 

135. An apparatus according to claim t>a u 

lateral claim 134 wherein said 

lateral dimension is i ess than 200 micrometres. 

iateraT d^" "° Cl *™ 135 wh -in said 

lateral dimension is greater than io micrometres 

137. An apparatus according to claim 131 further 
comprising a fluid extraction member for lr ect L fl * H 
from said skin layer to said entrance. * ^ 

fluidltTacT" 8 aCC ° rdin9 t0 Claim " 7 Wh ~ ei » -id 

penetrat * -mber for 

Penetrating lato only , cutaneoug 

layer and said fluid extraction memher has a fluid 

Pa h way for fluid to flow from said cutaneous layer to 

said entrance of said channel. 

139. An apparatus according to claim 138 wherein 
Penetration member is a hollow needle with a ble ^f^said 
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needle defining said fluid pathway. 

140. An apparatus according to claim 138 wherein said 
penetration member is a l an r B ^ • wner em said 

5 defining said fiJ„ \ * 9 ° p P° sin 9 surfaces 

wrung said fluid pathway and with said fluid n^h 

open to an exterior of said lance. ? ^ 

141. An apparatus according to claim 131 further 
com n a flow for ^ * 

3 fluid wxthin said channel to a portion of sL ^el 
containing said reagent. cnannel 

142. An apparatus according to claim 131 wherein- 

each of said channels provided with a respective 
reagent on a defining „ all o£ 3aid channels 

"3 An apparatus according to ciain, 14a wherein each 
-prances is connected to a co TO on source of til 

pluraUtv P rr a h Ue T"*™ 9 C ° =laim " 2 " h « ei » 
Plurality of channels includes: 

at least a first continuous sensor for sensing a 
concentration of an analyte in fluid within said channel 
associated with said continuous sensor; and 

as leaWoT \ ^ ~ *~ performing 

as least one calibration measurement of a concentration 
of an analyte in fluid within said channel ZsZl^T 
with said calibration sensor associated 

|t£5= -TO r-r - - 
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a support member; 

«, . . . a ° n a said support member; 

a fluid extraction member for directing « . 
said skin layer to said entrance; fluid from 

said channel having a minute size with .vol, , 
than 200 nanoliters; volume less 

} an analyte sensor carried on 

"7. An apparatus according to claim 145 wherein said 
channel has a lateral . in said 

micrometres. n " 0 " ^ "»» 

ULTi di paracus aocordin9 to claim 147 «i<. 

lateral dimension is greater than „ mlcronletres 

1". to apparatus according to claim 145 wherein said 
ana yte sensor includes an electronics! sensor 

flu d r " te ln ° 0nta " " iCh — said 

fluid is within said channel. 

fluids t PParatUS a ° COrdin9 t0 Claim " 5 » he «- -id 
oenetrat ^ " ' «*« for 

layer and said fluid extraction member has a fluid 
pathway for fl uid to flow fro. said cutaneous layer to 
said entrance of said channel . 

»1. An apparatus according to claim 150 wherein said 
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penetration member is a hollow needle with a k 
needle defining said fluid pathwa^ * ° f 

152. An apparatus according to claim 150 wherein said 
5 penetration member is a lance having opposing sur f aces 
defining said fluid pathway and with said fl! id pat ^ ay 
open to an exterior of said lance. ? 7 

153. An apparatus according to claim 145 further 
comprising a flow controller for influencing a flow of 
fluid within said channel to said sensor. 

154. An apparatus according to claim 145 wherein- 
sard channel is one of a plurality of channels each 

formed on said support chamber by forming channel 
d.f xniag walls on a said support member and each having 
an entrance for receiving said body fluid- 

said analyte sensor is one Qf a _ 

sensors each associated with a respective one of said 
plurality of channels. 

Hi* An / PParatUS acc ^ding to claim 154 wherein each of 
said entrances is connected to * , 

flu nneccea to a common source of said 
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156. An apparatus according to claim 154 wherein said 
plurality o £ channels and associated sensors include- 
at least a first continuous sensor for sensing a 
concentration of an analyte in fluid within said channel 
associated with said continuous sensor; and 

as leLV 6 *" 3 £lrSt ° aUbration T *« Performing 
as least one calibration measurement of a concentration 
of an anaiyte in f lu id within said channel associated 
with said calibration sensor. 

157. An apparatus according to claim 84 further 
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^T^^T' 01 ^ — — * — ce 
said anal yte sens L ra " n9 ^ ^ * ™* of 

5 158 An apparatus according to cl aim 84 where .„ said 
analyte sensor includes a serein said 

sensitive to liaht ™ 9 dis P ose <* to be 

icave to Ught coming substantially from a 

longitudinal axis of said channel. 

comprising: PParatus 
a support member ; 

a plurality of channels each fr,™^ 

— ~ * w, e h a„„ el °«x°i s r:jr rc 

support member; Said 

recei eaCh ° f Sald ChannSls havi *9 an entrance for 
receiving said body fluid- 

said analyte sensors carried on c 

DosiHmo , .. a on said support member and 

positioned to sense an analyte in said fluid within T ± « 
respective one of said plurality of channels " 

160. An apparatus according to claim 159 wherein said 

channel has a minute size with a I.*, i I 

than 500 micrometres. dlmenSi ° n leSS 

channel h""*'"' aCC ° rding '° ***** 159 Wh ~ ein 
channel has a volume less than 200 nanoliters. 

162. An apparatus according to claim 161 wherein sa-M 
channel has a longitudinal dimension less Z 

163. An apparatus according to claim ifin „», • 
l a v PT . a1 3 ciaim 160 wherein said 
lateral dimension is less than 200 micrometres. 
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164. An apparatus according to claim ic-j u 

] a t-*y- a i • claim 163 wherein said 

lateral dimension is greater than io micrometres 

> 1« An apparatus according to claim 159 wherein said 
analyte sensor includes an electrochemical sensor 
positioned to be in contact with said fluid when said 
fluid is within said channel. 

166. An apparatus according to claim 159 further 
comprising a fluid extraction member for directing fluid 
from said skin layer to said entrance. * * 

167 An apparatus according to claim 166 wherein said 
fluid extraction member is a penetration member for 
penetrating into only a cutaneous layer of said skin 
layer and said fluid extraction member has a fluid 
pathway for fluid to flow from said cutaneous layer to 
said entrance of said channel. 

168. An apparatus according to claim 167 wherein said 
penetration member is a hollow needle with a bore of said 
needle defining said fluid pathway. 

169. An apparatus according to claim 167 wherein said 
Penetration member is a lance having opposing surfaces 
defining said fluid pathway and with said fluid pathway 
open to an exterior of said lance. 

said *" aPParaCUS * CC ° rdi "9 to claim ls , wherein each of 
^entrances rs connected to a co^on source of said 



171. An apparatus according to claim 159 wherein said 
3S plurality of channels and associated sensors include- 
at least a first continuous sensor for sensing a 
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concentration of an analvt^ *i ^ . 

associated with said T . Within 3aid chan »^ 

atea with said continuous sensor; and 

■ i-^™™'— ■===■ 

"2. An apparatus according to era!* 159 further 
comprising an administrator for admi„i=* • 
10 to a user based upon a measurino h T * subsCan « 

said analyte sensors. ' ^ UP °" 3 SenSln 9 ° £ 

173. A method of making . device for meaa 

is c~:: on ° £ a *- * — me h :„od 

mTin! ! Tt ° han " el in 3 SUbS "" e -"rial., 
fitting said channel at least partially with an 
electrically conductive material • 

.0 said ^hlT" Cha,mel S ° - " — — 
174. A method of fabricating a device for mM 

=ssr o£ - — - ■ -~ - = the 

5 forming a support member- 

member?^" 9 *" *" ° harmel °" 3 SU "*« °* «. support 

=lose^rl n L a i layer ° nt ° Said — - « - 

D 

175 An apparatus according to claim 174 wherein said 
Wnate layer contains electrodes disposed to be In 
contact with said open channel " 
176. An apparatus according to claim 175 wherein said 
• electrodes are formed through a screen-printlnTpLtss . 
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